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PollutionAbstract A hydrodynamic and water quality model was used to study the current status of the
Lake Mariout subject to the pollution loadings from the agricultural drains and the point sources
discharging directly to the Lake. The basic water quality modelling component simulates the main
water quality parameters including the oxygen compounds (BOD, COD, DO), nutrients com-
pounds (NH4, TN, TP), and ﬁnally the temperature, salinity and inorganic matter. Many scenarios
have been conducted to improve the circulation and the water quality in the lake and to assess the
spreading and mixing of the discharge efﬂuents and its impact on the water quality of the main
basin. Several pilot interventions were applied through the model in the Lake Mariout together with
the upgrades of the East and West Waste Water Treatment Plants in order to achieve at least 5%
reduction in the pollution loads entering the Mediterranean Sea through Lake Mariout in order to
improve the institutional mechanisms for sustainable coastal zone management in Alexandria in
particular to reduce land-based pollution to the Mediterranean Sea.
 2015 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Since the shallow coastal lake at the downstream of the catch-
ment is considered as a sink that receives all the wastewater
discharged from the watershed, it was important to develop
a more detailed modelling component for the lake system.
Nowadays, relative to the present advances in computational
sciences, hardware and software, improvement in rivers,catchments and lakes modelling has been only modest since
the last decades. Therefore, most catchment models are difﬁ-
cult to understand, use and adapt, leading to frustration
amongst the users of such models and their developers [1].
Applying a hydrodynamic and water quality numerical mod-
elling technique at the coastal lakes will help to give some
answers to both planning and technical questions of water
quality managers, decision makers, and those of technical engi-
neers working on the sampling, monitoring, and analysis of
water quality parameters. This technique was applied in
Egypt at Lake Mariout, as a part of Alexandria Coastal
Zone Management Project (ACZMP), and the Alexandria
Lake Mariout Integrated Management project (ALAMIM)
to improve institutional mechanisms for the sustainable
management of the coastal zones in Alexandria under the
umbrella of adopting the ICZM. The tensions between
resource management and science are explored by [2] and his
528 N. Donia, M. Bahgatﬁndings are especially applicable to environmental modelling
which can be expensive and highly technical.
The main objective of the study is to examine and evaluate
the impact of alternative water quality management practices
in the selected drainage catchment, and their effect on the envi-
ronmental condition of the lake as an important component of
the watershed. This is achieved by at least 5% reduction in the
pollution loads entering the Mediterranean Sea through Lake
Mariout by the several pilot interventions applied in the Lake
Mariout together with the upgrades of the East and West
Waste Water Treatment Plants. A hydrodynamic and water
quality model was used to study the current status of the
Lake Mariout ‘‘the main basin’’ subject to the discharges
and pollution loadings coming from the agricultural drains
and the point sources discharging directly to the Lake, through
simulating the ﬂow circulation inside the main basin of Lake
Mariout, the transport and advection of the pollutants due
to the efﬂuent discharges from drains and other sources of
pollutants, and identifying and developing the most critical
surface drainage water quality indicators to simulate and
predict the temporal and spatial variation of pollution.2. Description of the pilot area
Lake Mariout is a salt lake and it is considered a major coastal
lagoon, which actually forms the southern border of
Alexandria city. It is separated from the Mediterranean Sea
by the narrow isthmus on which the city of Alexandria was
built. The lake shore is home to ﬁsheries and saltworks. In
1801, the original area was probably in excess of 700 km2,
because of railway and road construction isolating parts of
the lake, the cessation of annual Nile ﬂood after building the
Aswan High Dam, and land reclamation and the area of the
lake is now less than 65 km2 and ranges in depth from 1 to
3 m (AICZMP 2009). Currently, the lake is divided artiﬁcially
into four main basins as shown in Fig. 1, namely 6000 feddansMediterr
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Figure 1 General layout obasin (Main Basin), 5000 feddans basin (South Basin),
3000 feddans basin (West Basin) and 1000 feddans basin
(Aquaculture Basin). These ponds are dissected by roads and
embankments. The point sources of pollution originate mainly
from rural and agricultural areas while the other interventions
target point source pollution as shown in Fig. 1.
Comparison of the chemical composition of Lake Mariout
water with that of proper sea water and drainage water shows
that the lake water presents an intermediate composition
between both sea and drainage water. This phenomenon can
be explained by seepage from the sea. Such explantation is sup-
ported by the low level of water and by the water balance
which is supported by older data of the salt content of wells
in Mariout region [3]. There are three main canals (El-Qalaa,
El-Omoum and El-Nubariya) that are considered the main
inﬂows to the Lake. El-Qalaa drain is located at North-East
while El-Omoum and El-Nubariya canals are located at the
East and South of the Lake, respectively. Other inﬂows are
the water treatment plant (WTP) and the discharges from
the Petrochemical area nearby the north western basin.
El-Omoum and El-Nubariya canals are less polluted drains,
considering their nutrients (N, P) and DO concentrations [4].
El-Omoum receives mainly agricultural drainage water;
moreover, the drain receives both raw and treated wastewater
from several deﬁned and undeﬁned sources [5]. Therefore,
these drains also contribute with the nutrient loadings in the
Lake, but to a lesser extent. Additionally, non-point sources
such as agricultural run-off containing pesticides and fertilizers
are also contributing to the deterioration of the environmental
quality of the lake [6].
As a result of the high nutrient loading, the lake has become
anthropogenic polluted and eutrophic. Eutrophication of lakes
is a natural process that can be accelerated by man’s activities
that introduce an excess of nutrients together with other pollu-
tants. The main sources of nutrients and pollutants can include
the following: Human sewage, industrial waste, farm and
urban run-off [7]. Currently, the lake is 60% covered byanean Sea
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-B
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Table 1 Monthly precipitation 2007 (mm/day).
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Avg.
1.77 0.95 0.42 0.14 0.05 Trace Trace 0.01 0.03 0.3 1.1 1.79 0.66
Figure 2 The location of water quality samples.
Table 2 Water quality ﬁeld measurements during December 2012.
Site Location Temp Salinity BOD COD Ammonia Nitrite
(lg/l)
Total
nitrogen
(lg/l)
(TP)
(lg/l)
Total
coliform
1 West Nubaria PS 25.00 4.97 5.36 23.32 886.6 258.67 1838.66 37.55 930,000
2 Nubaria Canal Desert Road 21.15 3.49 4.34 20.84 813.7 481.82 1905.70 60.85 2300
3 Ommoun Desert Road 21.20 2.55 4.60 22.41 2249.1 431.07 3589.48 199.10 2,400,000
4 End of Qalaa Diversion Canal
before Nubaria Canal
22.60 1.22 117.08 89.54 20263.0 0.00 23238.55 898.15 1,400,000,000
5 Western WTP 24.55 1.19 136.20 94.46 22185.5 0.00 25663.67 1068.15 1.1E+11
6 Main Basin 21.50 2.35 6.01 34.98 2893.4 189.41 4184.59 157.15 530,000
7 El Max station 20.65 3.79 4.88 42.16 4286.6 168.54 6007.13 174.90 1,500,000
8 Fisheries hole in dam 22.85 1.27 123.68 92.57 21140.0 0.00 24374.39 992.75 4,400,000,000
9 End of Qalaa drain 23.15 1.24 124.92 90.88 21022.5 0.00 24275.41 971.85 4,600,000,000
Water quality management for Lake Mariout 529aquatic vegetation (Phragmites australis and Eichornia cras-
sipes). High nutrients and low DO concentrations have been
observed specially at the Main Basin which in turn affects
the ecological processes occurring in the lake and therefore
its whole environmental condition [6].3. Data collection and ﬁeld measurements
Data collection includes historical data on the wind
conditions, water temperature, evaporation rate and the
precipitation rate in the project site. Wind data were extracted
Figure 3 Model schematization with all boundaries and sources of discharge.
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Figure 4 Flow velocity comparison at point Fisheries hole in
dam.
530 N. Donia, M. Bahgatfrom the work of [8], and the data show that the predominant
wind direction is 22.5NW with a wind speed of approximately
3.75 m/s. The average monthly temperature in Lake Mariout
ranged from 13 to 29 C in a study carried by [9]. The annual
average evapotranspiration used in the model was calculated
with the Penman – Monteith method [10], where the crop coef-
ﬁcient Kc (reed) used in the calculation was extracted from a
study based on ﬁeld experiment and measurements carried
out in three locations in the UK [11]. The precipitation value
used in the model corresponds to the average precipitation
from year 2007, (0.66 mm/day) that was calculated from the
precipitation record (see Table 1) presented in the Lake
Mariout data acquisition report [6]. The topography and
bathymetry data used in the model were provided by NIOFin a DEM format with a resolution of 45 m reference is made
to NIOF report, 2008, [6].
Field measurements were carried out in coordination with
the National Institute of Oceanography and Fisheries
(NIOF) for two weeks. The samples were taken from 9 sites
representing the Main Basin and discharge points of Qalaa
drain, Omoum drain, Nubariya canal and El-Max pumping
station as shown in Fig. 2, and the measurements comprised
the following:
– Water Flows (m3/h) which determines the inﬂow, outﬂow in
the main basin.
– Water levels within the basin to a ﬁxed point.
– Basic physical parameters: Temperature, Salinity and Total
Suspended Matter.
– Organic matter of the lake.
– Nutrient variables: ammonia, nitrates and phosphorus
compounds.
– Sediment composition: Grain size sediment analysis, sludge
thickness.
– Biological data including: Chlorophyll-a, Phytoplankton,
Zooplankton.
– Microbiological data: Faecal Coliform and Total Coliform.
Surface water samples were collected biweekly by a polyvi-
nyl chloride Van Dorn bottle. The methods discussed in the
American Public Health Association [12] were used for the
determination of the abiotic parameters except where noted.
Water temperature, electrical conductivity (mS/cm) and pH
values were measured during the time of sampling using
Hydrolab model (Multi Set430i WTW) after previous calibra-
tion. Dissolved oxygen was carried out by using the modiﬁed
Winkler method. BOD was determined by using 5 days
method. COD was carried out using potassium permanganate
method. Ammonia was determined by phenate method. Nitrite
was determined using colorimetric method. Nitrate was
0
5
10
15
20
25
30
35
0 5 10 15
De
tN
 (m
g/
L)
sites
measured modeled
0.00
0.20
0.40
0.60
0 5 10 15
N
O
3 
(m
g/
L)
Sites
Measured Modeled
0
10
20
30
0 5 10 15
Am
m
on
ia
 (m
g/
L)
Sites
Modeled Measured
0.00E+00
5.00E+01
1.00E+02
1.50E+02
0 5 10 15
BO
D 
(m
g/
L)
Sites
measured
0
5
10
15
0 5 10 15
DO
 (m
g/
L)
Sites
modeled measured
0
50
100
0 5 10 15
CO
D(
m
g/
L)
Sites
modeled
Figure 5 Comparison between measured and calculated substances.
Table 3 Calibration parameters for Mariout water quality model.
Physical parameters Value [–]
Roughness (manning coeﬃcient) 0.02 (non vegetated area)
0.06 (heavy vegetated area)
s m1/3
Background horizontal eddy viscosity 1 m s2
Background horizontal eddy diﬀusivity 2 m s2
Uniform dispersion coeﬃcient (direction 1) 1 m s2
Uniform dispersion coeﬃcient (direction 2) 1 m s2
Factor a in dispersion 10 m s2
Factor b in dispersion 0.8 m s2
Factor c in dispersion 1.2 m s2
temperature coefficient for denitrification 1.07
first-order denitrification rate 0.1
temperature coefficient for rearation 1.01
reaeration transfer coefficient 1
decay rate BOD 0.15
decay rate COD 0.3
Water quality management for Lake Mariout 531determined by reduction method. Orthophosphate and total
phosphorus were determined by using ascorbic acid method
as described in APHA [12]. Total phosphorus and total nitro-
gen were determined by simultaneous determination of TN
and TP [12]. The total coliforms (TC), faecal coliforms (FC)
were estimated by MPN method. For determination of TC,
water sample of 10 ml was inoculated in each of triplicate tubes
containing 10 ml of double strength MacConkey broth and 1and 0.1 ml of water sample were inoculated in triplicate tubes
containing 5 ml of single strength MacConkey broth. The
inoculated tubes were incubated at 37 C for 48 h. Positive
tubes were indicated by the produced acid and gas. For FC
three loops from positive tubes were subcultured in freshly
prepared 5 ml single MacConkey broth and then incubated
in water-bath at 44 C. Positive tubes were conﬁrmed by
sub-culturing on Eosin-Methylene Blue (EMB) medium where
Figure 6 The ﬂow velocity map ‘‘Scenario-02’’.
Figure 7 Drogues from Qalaa Drain ‘‘Scenario-02’’.
532 N. Donia, M. Bahgatcoliform bacteria gave deﬁned colonies with metallic sheen
character [12]. Table 2 shows the results of ﬁeldwork during
December.
4. Model development and scenarios
Delft3D Software Package of Delft Hydraulics, the
Netherlands, was used to develop the hydrodynamic and water
quality numerical ﬂow model which simulates the ﬂow pattern
and the circulation of the water inside the lake through The
FLOW module, and the WAQ module of Delft3D was used
for water quality simulation. Fig. 3 shows the model schema-
tization. The model was calibrated at three different locations:the ﬁrst was located at the main basin (3109037.4100 Lat,
2954030.800 Long), the second was located at El-Max
Pumping station (3108032.200 Lat, 2951018.500 Long), and the
last one was located the ﬁsheries hole in dam (3109049.200
Lat, 2953045.500 Long).
During the model calibration the measured depth averaged
ﬂow velocities and water levels were compared with the model
results. Tuning of the roughness parameter in the model was
carried out to obtain the best match between the model and
the ﬁeld measurements. Manning Roughness Coefﬁcient was
varied between 0.02 at non-vegetated area and 0.06 at the
heavy vegetated area along the model area to give the best
match between the measurements and model computations.
Fig. 4 shows sample of hydrodynamic calibration. The water
quality model calibration is done on the conventional water
quality parameters or oxygen group (DO, COD, BOD) and
Nutrients group (NH4, detN and NO3) and their associated
model process parameters are selected for calibration. Due to
the scarcity in data inside the lake the comparison and calibra-
tion were done by comparing concentrations on a spatial basis
only 7 sites between predicted and measured values. The out-
put variables of the model with respect to the observations
in Lake Mariout during ﬁeld survey were plotted in Fig. 5.
The calibration parameters are shown in Table 3.
Different model scenarios have been tested to assess the
spreading and mixing of the discharge efﬂuents and its impact
on the water quality of the main basin. Scenario-00 (baseline
scenario) simulates the current situation of the main basin of
Lake Mariout as existed now to be as a guide to evaluate dif-
ferent alternatives to reduce the pollution problem. In
Scenario-01, 300,000 m3/day of Qalaa drain water is treated
in the wetland and returned to the lake (not to Risha drain).
The remaining 600,000 m3/day is diverted to El Max through
the Risha Drain. Scenario-02 simulates the lake where all
Qalaa drain water (900,000 m3/day) is treated in the wetland
SC-4
SC-3
SC-2
SC-1
Figure 8 Location of the cross sections.
Figure 9 Cross sectional velocity-1.
Figure 10 Cross sectional velocity-2.
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Figure 11 Cross sectional velocity-3.
Figure 12 Cross sectional velocity-4.
Figure 13 Faecal Coliform Map ‘‘Scenario-02’’.
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Figure 14 Total Coliform Map ‘‘Scenario-02’’.
Figure 15 Detritus Phosphorus Map ‘‘Scenario-02’’.
Water quality management for Lake Mariout 535and discharged to the lake (not to Risha drain). In Scenario-03
(Bioﬁlm 300,000 m3/day), 300,000 m3/day of Qalaa drain
water is treated in the bioﬁlm facility and returned to the
Qalaa drain knowing that Bioﬁlm system is compact treatment
units and capable of being installed in places with limited avail-
able area and highly resistant to variation in temperature and
toxic shock load. All Qalaa drain water is bypassed through
Risha Drain to El Max. This means that Risha drain will
include 300,000 m3/day treated water and 615,000 m3/day
untreated water. Scenario-04 (Bioﬁlm 900,000 m3/day is the
same as Scenario-02 except all Qalaa drain water(900,000 m3/day) is treated in the bioﬁlm. Scenario-05 (Reed
Removal), in which three different areas have been suggested
for reed removal which may have effects on water circulation
and water exchange in the main basin, simulates the operation
of the lake in which the reeds in two places of total area (500
hectares) from the main basin will be removed. Scenario-06
(Reed Removal) simulates the operation of the lake where
the area of reed removal will be 30 HA. Scenario-07 simulates
the current situation of the main basin of Lake Mariout as
existed now, in addition to increasing the ﬂow discharge com-
ing to the main basin withdraws 20 m3/s (approximately 40%)
Figure 16 Lead Map ‘‘Scenario-02’’.
Figure 17 COD Map ‘‘Scenario-02’’.
536 N. Donia, M. Bahgatfrom the total discharge of Omoum Drain and discharge it into
the main basin in an indirect way by passing through western
basin. Scenario-08 (Combined Scenario) is considered as a com-
bination between wetland and bioﬁlm treatment and weed
removal of 500 HA.
The discharges m3/s from Nubariya Canal, Omoum Drain,
Qalaa Drain, and West Water Treatment Plant are 29.28,
48.61, 10.60, 4.75 respectively. Water level of 2.80 m, was
considered at the El Max (USAID Project 263-0100, 1996)
for all above scenarios.5. Results and analysis
The hydrodynamics model results shows that most of model
scenarios have no signiﬁcant effect on the ﬂow circulation in
the main basin of Lake Mariout, except in model scenario 02
and model scenario 03 has an effect in increasing the ﬂow
velocity inside the lake, and these results are related to bypass-
ing part or full ﬂow of the efﬂuent discharge from Qalaa drain
directly to the main basin instead of Risha drain. The ﬂow
velocity distribution is presented in Fig. 6, and the drogue to
Figure 18 BOD Map ‘‘Scenario-02’’.
Figure 19 Ammonia Map ‘‘Scenario-02’’.
Water quality management for Lake Mariout 537monitor the path of the particles moving in the ﬂow from the
outﬂow area of Qalaa drain into the main basin is presented in
Fig. 7.
Four cross sectional velocities have been selected to com-
pare between all model scenarios to make it easy to evaluate
each scenario from the hydrodynamic point of view. Fig. 8
shows the location of the selected cross sections in the main
basin, and Figs. 9–12 show the results of the ﬂow velocityalong each cross section with different model scenario. From
the ﬁgures it can be seen that, most of model scenarios have
no signiﬁcant effect on the ﬂow circulation in the main basin
of Lake Mariout, except in model scenario 01 and model
scenario 02 has an effect in increasing the ﬂow velocity inside
the lake, and these results are related to by passing part or full
ﬂow of the efﬂuent discharge from Qalaa drain directly to the
main basin instead of Risha drain. The same happened in
Figure 20 DO Map ‘‘Scenario-08’’.
Figure 21 Comparison between scenarios for Ammonia at el
max station.
Figure 22 Comparison between scenarios for BOD at el max
station.
538 N. Donia, M. Bahgatmodel scenario 07 due to the effect of the efﬂuent discharge
which suggested to be bypassed from Omoum Drain to the
Main Basin. In all model scenarios the ﬂow velocity does not
exceed than 0.01 m/s.
The results of the water quality modelling were focused on
two places, at the connection point linked between the lake
and Mediterranean Sea, this place is Elmax Station, and the
second place is at middle of the lake as shown in Figs. 13–20.
The water quality results showed that Scenario 02 where the
total efﬂuent from Qalaa Drain (915,000 m3/day) discharged
directly into the lake after treatment, no efﬂuents discharged
to Risha Drain had the best results for total Bacteria, Faecal
Coliform count, detritus nitrogen and Ammonia, detritusphosphorus, COD and BOD, and all heavy metal. For total
coliform count, the value is 2.5 · 104 MPN near Qalaa drain
outlet. The same pattern exists for faecal coliform, and the
maximum value is 1.2 * 104 MPN near Qalaa drain outlet.
The coliform count reduces at elmax station to 1.6 MPN for
faecal coliform and 3 MPN for total coliform. The highest
value is in the southern part of the lake, 4 MPN for total col-
iform and 2 MPN for faecal coliform. For eutrophication
group parameters, Ammonia concentration is low near Qalaa
drain outlet (0.8 mg/L) and is higher in the southern part of
the lake (1.8 mg/L). Phosphorus is high near the outlet of
Omoum drain (0.5 mg/L) and lower in near Qalaa drain
(0.25 mg/L). Salinity is low near Qalaa drain outlet and near
Figure 23 Comparison between scenarios for COD at el max
station.
Figure 24 Comparison between scenarios for dissolved oxygen
at el max station.
Figure 25 Comparison between scenarios for faecal coliform
count at el max station.
Figure 26 Comparison between scenarios for total coliform
count at el max station.
Water quality management for Lake Mariout 539el max station and higher in the southern part of the lake. Lead
concentration is low near Qalaa drain outlet (0.06 mg/L) and
higher in the southern part of the lake (0.08 mg/L). For oxygen
group, BOD reduces to 2 mg/L near Qalaa drain and higher
inside the southern part of the lake (4 mg/L) and higher at
elmax station (6 mg/L). BOD reduces to 40 mg/L near Qalaa
drain and higher inside the southern part of the lake
(90 mg/L) and higher at elmax station (60 mg/L). DO increases
to 4 mg/L near Qalaa drain and to (3 mg/L) inside the southern
part of the lake and at elmax station.
The comparison between all scenarios has been conducted
at el max station Figs. 21–25 and middle of the lake as shown
in Figs. 26–30. First at Elmax Station, for total bacteria count,
the best scenario is scenario 2 followed by scenario 4 whereas
for faecal coliform count, the best scenario is scenario 2. For
detritus nitrogen and Ammonia the best scenario is scenario
2 followed by scenario 4. For detritus phosphorus the bestscenario is scenario 2. For COD and BOD, the best scenario
is scenario 2 followed by scenario 4. For DO, the best scenario
is scenario 8 followed by scenario 7. For all heavy metals, the
best scenario is scenario 2. Second at middle of the lake, for
total bacteria count, the best scenario is scenario 2 followed
by scenario 4 whereas for faecal coliform count the best
scenario is scenario 2 followed by scenario 1. For detritus
nitrogen and Ammonia the best scenario is scenario 2 followed
by scenario 4. For detritus phosphorus the best scenario is
scenario 2. For nitrate, the best scenario is scenario 8 followed
by scenario 7. For COD and BOD, the best scenario is
scenario 2 followed by scenario 4. For DO, the best scenario
is scenario 8 followed by scenario 7. For all heavy metals,
the best scenario is scenario 2.
Figure 27 Comparison between scenarios for Ammonia at
middle of the lake.
Figure 28 Comparison between scenarios for BOD at middle of
the lake.
Figure 29 Comparison between scenarios for COD at middle of
the lake.
Figure 30 Comparison between scenarios for dissolved oxygen
at middle of the lake.
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Many scenarios have been conducted to improve the circula-
tion and the water quality in the main basin of the Lake
Mariout. Model Scenario 02 has an effect in increasing the
ﬂow velocity inside the lake, and these results are related to
by passing part or full ﬂow of the efﬂuent discharge from
Qalaa drain directly to the main basin instead of Risha drain.
In all model scenarios the ﬂow velocity does not exceed than
0.01 m/s. Scenario-02 that simulates the main basin of Lake
Mariout where, the total efﬂuent from Qalaa Drain
(915,000 m3/day) discharged directly into the lake after treat-
ment, no efﬂuents discharged to Risha Drain is the optimum
scenario to improve the water quality in the lake and in
El-Max station. The second optimum scenario is Scenario-04
that simulates the main basin of the Lake Mariout where the
total water discharge from Qalaa drain (915,000 m3/day) is
treated and bypassed through Risha drain to El-max
Pumping Station. Scenarios of reed removal (scenarios 5 and
6) do not improve neither the circulation nor the water quality.
Therefore, it is needed to combine these model scenarios with
another scenario to assess the effect of the reed removal in the
selected area inside the main basin. For DO, the best scenario
is scenario 8 followed by scenario 7.
References
[1] Argent RMARBG. Design of information system for environ-
mental managers: an example using interface prototyping.
Environ Modell Softw 2001;16(5):433–8.
[2] Cullen P. The turbulent boundary between water science and
water management. Freshw Biol 1990;24:201–9.
[3] Mateo MA´. Lake Mariout: An Ecological Assessment, Laura
Serrano and Oscar Serrano (CEAB-CSIC), WADI Project (Water
Demand Integration; INCOCT-2005-015226) and CEDARE
(Centre for the Development of the Arabic Region); 2009.
[4] CEDARE. Alexandria Lake Mariout integrated management-
stocktaking analysis report; 2007.
[5] Hossam MN, Salem AAS. Evaluation of drainage water quality
for reuse: a case study of the Umoum drain in Egypt. Lowland
Technol Int 2003;5(2):27–38.
Water quality management for Lake Mariout 541[6] NIOF (National Institute of Oceanography and ﬁsheries). Lake
Mariout Data Acquisition, Repot Submitted To ALAMIM
‘‘Alexandria LAke Mariout Integrated Management’’.
Alexandria, Egypt; 2008.
[7] National Academy of Sciences. Euthrophication: causes,
consequences, correctives. Washington, DC; 1969.
[8] Sogreah. Alexandria integrated costal zone management AICZM,
Egyptian Pollution Abatement Project EPAP II. Base line
conditions; 2008a.
[9] Mahlis AM, El-Wakeel SK, Morcos SA. The major cations in
Lake Mariout waters. Hydrobiologica 1970;36(2):253–74.
[10] Allen RG, Pereira LS, Raes D, Smith M. Crop evapotranspiration
guidelines for computing crop water requirements. FAO Irrig. and
Drain. Paper 56. FAO, Rome; 1998.
[11] Fermor PM, Gilbert JC, Gowing DJG. Reedbed evapotranspira-
tion rates in England. Hydrol Process 2001;15(4):621–31.
[12] APHA. Standard methods for the examination of water and
wastewater. Washington DC: American public health organiza-
tion; 2005.
Prof Dr. Noha Samir Donia is working as
Professor for environmental hydraulics at
Engineering Department, Institute of
Environmental Studies and Researches, Ain
Shams University. His ﬁeld of interest
includes Environmental systems Analysis and
Modeling. She published 56 papers. She
obtained PhD degree in Environmental
Engineering from the Institute of
Environmental Studies and Research, Ain
Shams University, and his thesis title was
‘‘Study of Water Quality Control of RosettaBranch, Nile River, Egypt.’’ She obtained Master of Science with
distinction from International Institute for Aerospace Survey and
Earth Sciences (ITC), Enschede, Holland, and his thesis title was
‘‘Integration of GIS and Computer Modeling to study the Water
Quality of Lake Naivasha, Kenya.’’ She obtained B.Sc. in Engineering
with grade Very Good With Honour Degree, with Electrical
Engineering as major subject and Automatic Control and Computer
Systems as minor subject.
Dr. Mohamed Bahgat is working as a
Researcher at the Hydraulics Research
Institute (HRI), National Water Research
Center, The Ministry of Water Resources and
Irrigation, since 2003. He got PhD degree
from Egypt, and MSc. degree from
UNESCO-IHE for water education,
Delft-Netherlands, His responsibilities at
HRI are:- Applied research on both river and coastal hydraulics using
both mathematical and physical models.
- Applied research on water management processes, particu-
larly those related to the performance of different hydraulic
structures and power plant cooling system using trusted
mathematical models like Delft3D model.
- Constructing, calibrating, monitoring, and evaluation
Physical and mathematical modeling of Coastal
Engineering problems along the Egyptian coast.
